Abstract The purpose of this study was to examine health-related quality of life (HRQL) among women with metastatic breast cancer treated on E2100 with paclitaxel or paclitaxel plus bevacizumab. Trial participants (N = 670) completed the Functional Assessment of Cancer TherapyBreast (FACT-B) pre-treatment and following 4 and 8 cycles of treatment to assess HRQL and breast cancerspecific concerns. A significantly higher proportion of missing FACT-B assessments was observed among patients receiving paclitaxel only, due to faster time to death. To account for this non-ignorable pattern of missing data, we conducted a survival-adjusted HRQL analysis by jointly modeling the longitudinal HRQL outcome and time to non-ignorable dropout using a two-stage model. FACT scores assessing HRQL did not differ following 4 and 8 cycles of treatment; however mean scores on the 9-item Breast Cancer Scale were significantly higher after 4 and 8 cycles of treatment among patients receiving paclitaxel plus bevacizumab. No differences were observed between treatment arms on FACT-B total scores. The addition of bevacizumab was not associated with additional side effect burden from the patient perspective and was associated with a greater reduction in breast cancer-specific concerns. No other differences were noted.
Introduction
An estimated 1,78,480 new cases of breast cancer were diagnosed in 2007, and more than 40,000 women in the US die from breast cancer each year [1] . This number is second only to lung cancer in accounting for cancer deaths among women [1] . Metastatic breast cancer is treated with systemic therapies that can increase survival time or time free from progression of disease. Delaying disease progression, even in the absence of an overall survival benefit, may provide for a quality of life that is better than what would be experienced when living with disease progression. On the other hand, treatments often carry toxicity, so survival (whether extended or not) is often compromised by treatment side effects. When evaluating efficacy of new treatments for metastatic breast cancer, competing trade offs of survival time, disease symptom relief, and treatment toxicity must therefore be considered, either implicitly or explicitly.
The Eastern Cooperative Oncology Group (ECOG) phase III trial E2100 compared paclitaxel plus bevacizumab to paclitaxel alone for the treatment of metastatic breast cancer. Patients who received paclitaxel plus bevacizumab experienced significantly prolonged progression-free survival in comparison to those receiving paclitaxel alone (median 11.8 vs. 5.9 months; hazard ratio for progression 0.60, P \ 0.001; 2). Overall survival did not differ between treatment arms. Because the primary end point for E2100 was progression-free survival and in light of the lack of significant differences in overall survival, the quality of the additional time gained was an important secondary endpoint. The Functional Assessment of Cancer Therapy-Breast (FACT-B) was administered to E2100 participants before and during treatment to assess physical, functional, emotional, and social well-being and breast cancer-specific concerns.
Based on an initial examination of health-related quality of life (HRQL) data, no significant differences in mean FACT-B change scores from baseline were observed between treatment arms [2, 3] . These findings were based on analyzing change in FACT-B scores using Wilcoxon rank-sum test and a pattern-mixture model analysis for longitudinal data with non-ignorable missing data [4] . The Wilcoxon rank-sum test for change in FACT-B scores is a nonparametric univariate analysis that compared the mean score changes for weeks 17 and 33 separately using only available HRQL assessments. The pattern-mixture model analysis was not able to incorporate the available information about reasons for dropout. Upon close examination of FACT-B data, we observed a higher rate of drop-out due to illness or death in the paclitaxel only arm (missing data due to death at week 33: 5.8% paclitaxel plus bevacizumab vs. 10.2% paclitaxel only; Fisher's exact test P = 0.045). This difference in early survival is not taken into account in the previously reported analyses which, while not statistically significant, indicated a modest relative benefit in the bevacizumab-containing arm [2] . In addition, some living patients who did not complete follow-up questionnaires failed to do so because they were too ill, and this is documented in their record. The question therefore remains whether adjusting the available FACT-B data for observed group differences in early survival or health deterioration might produce a different conclusion regarding the addition of bevacizumab to paclitaxel. The challenge of handling non-ignorable missing longitudinal data from clinical trial participants plagues the interpretability of patient-reported endpoints, particularly on metastatic treatment trials-a setting in which quality of life and patient well-being is most salient. Regardless of the impact on study conclusions, the method reported here provides an example for how to integrate survival and quality of life endpoints into a single analysis when the emphasis is on quality of life during a finite period (in this case the first 4-8 months after beginning therapy). This can be thought of as ''survival-adjusted quality'' in contrast to the more common ''quality-adjusted survival.'' The purpose of this study was therefore to examine quality of life data from E2100 data using a survival-adjusted quality of life approach, which is a more appropriate statistical model given the disproportionate rate of attrition due to death. By using a more appropriate statistical model, we can rule-out the possibility that the lack of differences observed between treatment arms was due to non-ignorable missing data. We hypothesized that patients on the paclitaxel only arm would report lower HRQL, specifically physical wellbeing, functional well-being, and breast cancer-specific concerns due to poorer control of disease in comparison to patients receiving paclitaxel plus bevacizumab. We anticipated this despite any symptom burden introduced by bevacizumab, given this novel agent is relatively well tolerated.
Patients and methods
Local institutional review board approval was obtained for participating sites and written informed consent was required from each patient before being screened for trial eligibility. Patients with histologically or cytologically confirmed metastatic breast cancer who had not received previous cytotoxic therapy for metastatic disease were eligible to enroll on E2100. Previous hormonal therapy or cytotoxic adjuvant chemotherapy was allowed. If patients received taxane-based adjuvant therapy, they were required to have had a disease-free interval of a minimum of 12 months after completion of taxane therapy.
From December 2001 to May 2004, 722 patients were randomly assigned to receive paclitaxel 90 mg/m 2 of bodysurface area on days 1, 8, and 15 every 4 weeks, either alone (n = 354) or in combination with bevacizumab 10 mg/kg of body weight on days 1 and 15 (n = 368). Participants were stratified by disease-free interval (\24 vs.
[24 months), the number of metastatic sites (\3 vs. [3 sites), prior adjuvant chemotherapy, and estrogen receptor positivity (ER? vs. ER-vs. ER unknown). Patient demographic and disease characteristics for patients who completed partial or complete HRQL data are presented in Table 1 . Additional details on the full sample of clinical trial participants can be found elsewhere [2] .
HRQL assessment HRQL endpoints were assessed using the Functional Assessment of Cancer Therapy-Breast (FACT-B; 5). The FACT-B includes the 27-item FACT-General (FACT-G) and the 9-item Breast Cancer Subscale (BCS). The FACT-G assesses overall physical, functional, emotional, and social well-being. The BCS provides a more targeted assessment of concerns specific to breast cancer patients. The Trial Outcome Index (TOI) is a composite score calculated by summing the physical and functional well-being scales from the FACT-G and the BCS, yielding a sum score based on 23 items. These three FACT-B endpoints (FACT-G Total; BCS; TOI) were set a priori as the endpoints for the analysis. In addition, two items were selected from the FACT-G (''I have pain'' and ''I am bothered by side effects of treatment'') for individual item analysis. We selected the item ''I have pain'' a priori based on the report of higher rates of peripheral neuropathy among participants receiving bevacizumab plus paclitaxel in comparison to the paclitaxel only arm (grade 3/4 23.6% paclitaxel plus bevacizumab vs. 17.6% paclitaxel alone, P = 0.03; 2). We examined responses to the item ''I am bothered by side effects of treatment'' to capture any additional symptom burden introduced by bevazicumab. We selected a general item to measure additional toxicities introduced by this novel agent given our relative lack of understanding from the patient perspective of symptoms associated with treatment. For all endpoints, including the selected individual items, a higher score indicates better quality of life.
The FACT-B was administered to trial participants at trial enrollment and before randomization and at weeks 17 and 33. HRQL assessments were obtained at weeks 17 and 33 to correspond to the completion of cycles 4 and 8 of treatment.
Statistical analysis: joint modeling method Table 2 provides detail on reasons for missing data at each assessment. There were 345 patients eligible for HRQL study in the combined chemotherapy arm; 325 in the paclitaxel only arm. Before conducting joint modeling, a nonparametric Wilcoxon rank-sum test was conducted to compare HRQL outcomes between the arms at each of the three time points separately, using only available HRQL assessments. A total of 14 FACT-B assessments (2.2%) were missing for all three time points from eligible patients. By week 33, a higher percentage of patients had expired in the paclitaxel alone arm (10.2%) compared to the paclitaxel plus bevacizumab arm (5.8%). Using this information, patients were classified into two mutually exclusive groups: (1) those who completed the questionnaires at all three scheduled times, or who dropped out for reasons which we assume to be random (i.e., not due to health deterioration) and (2) those who dropped out due to death or ill health. Group 1 included those patients whose probabilities of dropping out were dependent on covariates (e.g., treatment arm) but not the outcome. HRQL measures of patients in group 2 were assumed to be missing in a nonignorable fashion. To handle this non-ignorable missing data problem, we jointly modeled the longitudinal HRQL outcome and time to non-ignorable dropout, defined as time to death or time to dropout due to illness, whichever occurred first, using a two-stage model [5] . The first stage assumes that each patient's HRQL outcome follows a linear model with random intercept and slope, where the only covariate is time when the HRQL questionnaires were completed. In the second stage of the model, we assume that the random intercept and slope and a log-transformed time to non-ignorable dropout follow a multivariate normal distribution. The joint distribution of the HRQL outcome and the time to non-ignorable dropout are estimated via maximum likelihood using the expectation-maximization (EM) algorithm, and using the bootstrap to calculate standard errors. To circumvent a convergence problem in the EM algorithm when using the observed HRQL scores, we used a transformation (Maximum possible score-HRQL score)
1/2 to produce HRQL outcomes for FACT-G/TOI/ BCS HRQL scores in the joint modeling analysis. The HRQL outcomes are approximately normally distributed after this transformation. Maximum possible score is 108 for FACT-G, 36 for BCS, and 92 for TOI. Before conducting joint modeling, a Wilcoxon rank-sum test was conducted to compare HRQL outcomes between the arms at each of the three time points separately, using only available HRQL assessments.
Results
Before comparing groups, internal consistency of each selected endpoint was evaluated. Across all three assessments, the FACT-B, BCS, and TOI demonstrated good internal consistency, with Cronbach's alpha ranging from 0.81 to 0.88.
Mean scores per treatment arm for the FACT-G, the TOI, and the FACT-BCS for all three assessment time points are presented in Table 3 . Treatment groups did not differ at baseline on any of these three identified endpoints. FACT-G and TOI scores between treatment arms also were not significantly different at weeks 17 and 33, even after applying the survival-and deterioration-adjusted analysis. Figures 1 and 2 demonstrate the trajectory of FACT-G Total scores and the TOI scores at baseline and at weeks 17 and 33. However, when compared to patients receiving paclitaxel alone, those receiving paclitaxel plus bevacizumab reported higher (better) mean scores on the BCS at week 17 (x = 23.8 vs. 22.7, P \ 0.05) and at week 33 (x = 24.1 vs. 22.4, P \ 0.01). The BCS items include content covering dyspnea, lymphedema, alopecia, weight change, pain, change in appearance, feeling self-conscious about attractiveness, fear of family members getting cancer, and fear about the effects of stress on illness (see www.facit.org for full item content). The trajectory of BCS scores throughout the treatment is demonstrated in Fig. 3 . Based on the joint modeling analysis, which assumed a linear effect of time, there was a marginally insignificant difference in BCS score change over time, measured by slopes, between the two treatment arms (P = 0.053). A quadratic time effect term was not significant when added in the model. Patients who received paclitaxel plus bevacizumab demonstrated a greater reduction in breast cancer-specific concerns than those receiving paclitaxel alone.
No differences in mean scores between treatment arms were observed on individual items ''I have pain'' and ''I am bothered by side effects of treatment.'' Mean scores on these two items are provided in Table 2 .
Discussion
Given the superiority in progression-free survival among participants receiving paclitaxel plus bevacizumab in comparison to those receiving paclitaxel alone, we employed a statistical model to analyze HRQL data that takes this disproportionate dropout into account. The reported pattern-mixture model analysis which did not take into account the observed group difference in dropout rate due to early death was not statistically significant [2] . We therefore analyzed FACT-B data from E2100 trial participants using a survival-adjusted quality of life model. Based on this approach, participants who received paclitaxel plus bevacizumab reported fewer breast cancer-specific concerns following 4 and 8 cycles of treatment in comparison to patients who received paclitaxel alone. The scale used to assess breast cancer-specific concerns, the BCS, consists of nine statements that primarily assess symptoms and concerns unique to breast cancer patients. Group differences over time were not significantly different for the other two planned HRQL endpoints, the FACT-G (general quality of life) and the more physically focused FACT-B TOI [6] . The original report of HRQL results from E2100 concluded that there were no group differences in all three of these primary HRQL endpoints [2] . This revised analysis, more formally adjusting longitudinal group differences with information regarding early death and dropout due to health deterioration, agreed with the original conclusions in two of the three endpoints, but suggested a modest but potentially meaningful benefit to paclitaxel plus bevacizumab relative to paclitaxel alone in breast cancerspecific concerns as measured by the BCS. Although, the prevailing conclusion from this study appears to be the absence of a difference over time, the trends in the data suggest that the addition of bevacizumab to paclitaxel did not introduce additional toxicities which interfered with HRQL beyond the benefits provided by combined therapy. The addition of bevacizumab was associated with a greater reduction in breast cancer-specific concerns, perhaps due to lessened disease-related symptoms, less worry about the future due to prolonged progression-free survival and the overall perception of better disease control. Of note, providers and participants were not blinded to treatment arm assignment; therefore a limitation of this study is that knowledge of being assigned to the treatment arm may have contributed to higher HRQL. An additional limitation of this trial is that the majority of participants previously received chemotherapy for metastatic disease, which may have had long-term effects on HRQL thus confounding our results.
The HRQL data obtained in this trial offers insight into the net effect of disease-related symptom burden and treatment side effects. The evaluation of disease-and treatment-related symptoms, patients' functional ability and interference in function due to symptom burden, and overall perceived well-being can greatly enhance our understanding of the benefits and costs of new treatment approaches. An extensive body of literature exists to indicate that provider-rated toxicities underestimate toxicity severity [7, 8] . Agreement among patient-and clinicianrated symptom severity has been demonstrated to be low, with the lowest agreement observed for the most subjective symptoms [9] . Previous cooperative oncology group trials evaluating treatment for metastatic breast cancer have demonstrated that patients report higher levels of toxicity than reflected in provider ratings [10] . Given this, it is important to determine whether added toxicities from treatments added to standard therapy (in this case adding bevacizumab to paclitaxel) is associated with additional side effect burden from the patient perspective. It appears that the answer is no. Patient-reported outcomes collected longitudinally while on chemotherapy can help provide for a more appropriate valuing of treatments by generating a measure of impact on symptoms (whether disease-or treatment-induced) and function. This information must then be included with clinical efficacy data to estimate the value of the therapeutic advance. 
